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Abstract

:

This paper explores the green building attributes that significantly influenced rental depreciation for conventional buildings from expert perspectives using Malaysia as a case study. The objectives of this study include: (1) identifying the green building attributes for rental depreciation and (2) prioritizing the green attributes via the Analytic Hierarchy Process (AHP) technique. To achieve these objectives, firstly the study identified the green building attributes from the literature and from green building guidelines. The attributes were then validated by expert valuers via a semi-structured interview. Secondly, the attributes were utilized to develop the AHP-designed questionnaire and used to gather feedback from real estate experts. Ten (10) responses were analyzed using the descriptive and AHP techniques. This study has identified the rank of prioritized green building attributes, where the findings suggest the central role of indoor environment quality (EQ), where it ranked the highest in contributing to conventional purpose-built office (PBO) rental depreciation, followed by energy efficiency (EE), green site planning and management (SM), materials and resources (MR), innovation (IN), and water efficiency (WE). The findings allow researchers and practitioners to create strategies for reducing the impact of conventional building rental depreciation and obsolescence due to green building attributes.
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1. Introduction


The popularity of green buildings has increased in recent years due to the awareness of the importance of balancing development from the perspectives of the environment, economy, and society. The concept of sustainable development arises from the effort to safeguard the physical environment occupied by humans, to ensure that the physical environment is in good condition and able to fulfil its needs [1] via free, active, and meaningful participation from local, national, and global dimensions [2]. Several countries, including Malaysia, have taken a proactive role in supporting and engaging in any effort to promote sustainable development [3]. The Green Building Index (GBI), for instance, is part of the initiatives that were introduced to encourage sustainability and develop more eco-friendly products in the construction industry as well as raising stakeholders’ awareness [4]. Furthermore, the government has also introduced energy policies such as the Renewable Energy Act 2011, to ensure better environmental quality and reduce the negative impacts of fossil fuels including health issues, destruction of nature, landscapes, biodiversity, and energy security struggles [5]. All these initiatives are strongly related to the built environment. It is high time for the stakeholders to implement sustainable principles toward real estate to reduce the detrimental effects on the environment.



Sustainable or green buildings have gained much attention due to the benefits accrued, especially from the environmental features and energy efficiency. Generally, new sustainable technologies reduce the emissions from the operation and raw material consumption [6]. Green buildings are designed and constructed with the highest attention to the indoor environmental quality for human occupation [7] and are proven to improve the indoor air quality (IAQ) for occupants [8]. Poor IAQ is identified as the source of various symptoms of illness in office workers [9]. Studies also acknowledged that the demand for green buildings increases from the tenants’ perspectives. Green benefits such as superior air quality, efficient systems, and recycling were willing to be paid by the tenants [10]. In addition, a substantial number of valuers in the previous study agreed that green features create higher rent and lower vacancy rates compared with conventional buildings [11]. In addition, the spill over impact of green buildings towards their adjoining building was revealed to bring a positive outcome from a socio-economic perspective [12]. Investors are beginning to consider green buildings in their property portfolios and are willing to pay a premium price for green-certified buildings [13]. Apart from that, firms substantially consider benefits such as water and waste recycling and reduction in electricity and water bills [14]. As a result, it has brought changes to the behaviors of the commercial property market to incorporate the sustainability features and benefits into the valuation practice. In addition, with the spike in COVID-19 cases recently, the built environment offers an interesting solution for infectious disease control [15].



Regarding the real estate market in Kuala Lumpur, Malaysia, the KL structure plan 2020 highlighted the significant number of older office buildings experiencing technological obsolescence. As green buildings become mainstream in the office market, the conventional older office buildings may depreciate faster and be less desirable [16,17]. New environmental attributes may impact the system’s inbuilt environment, triggering obsolescence that has yet to be realized [18]. Sustainable obsolescence should be considered in the built environment widely since it is gaining significant momentum due to the changing nature of buildings, society, and increased importance from investors’ and stakeholders’ perspectives [19]. Studies suggest that sustainable and green buildings achieved better performance in rental premium compared with conventional buildings. An analysis of commercial buildings in the US produces a rental premium of 7.9% for LEED-certified buildings compared with conventional buildings [20]. Energy Star and LEED-certified buildings also performed in comparison to conventional buildings by having 7.3% to 8.6% and 15.2% to 17.3% rental premium, respectively [21].



Fuerst and McAllister [22] managed to analyze the impact of dual certification on rental value. The results suggest that dual certification achieved a 9% rental premium, while LEED and Energy Star obtained slightly lower than the dual certification of about 3% to 5% rental premium. Ref. [23] provides a different perspective of analysis by incorporating the impact of political alignment alongside the sustainable buildings towards rental premium. Overall, the study witnessed a rental premium of 5% for sustainable buildings. Ref. [24] established that this type of building obtained a rental premium of 6% compared with conventional buildings. In the UK, the BREEAM certified buildings surprisingly managed to obtain a greater rental premium compared with US studies with 19.7% [25]. Therefore, these rental premium performances give rise to the sustainable obsolescence in the conventional office building in the real estate market and should be considered as the new form or attribute of obsolescence in the office building [18].



In this study, the obsolescence impact on buildings due to the introduction of green buildings in the commercial property market is also determined by the knowledge and practice of the real estate professionals in the market. Since they are the ones responsible for providing professional advice on the ‘worth’ or ‘value’ of property, there is a need to study their perspective on whether rental depreciation or obsolescence may as well originate from the sustainable or green building features. Selected studies have highlighted a significant number of valuers who agreed to the importance of integrating sustainability in real estate valuation [11,26,27]. In addition, the role of sustainability in reducing the impact of depreciation and obsolescence should be reflected in valuation to encourage market participants to see the benefits of green building in the valuer’s price estimates [25,27]. The existing accounts fail to resolve the relationship between sustainable or green features and office rental depreciation and obsolescence from the perspective of real estate professionals in Malaysia.



This paper explores the green building attributes that significantly influenced rental depreciation for conventional buildings from the expert perspectives using Malaysia as a case study. The objectives of this study include: (1) identifying the green building attributes for rental depreciation and (2) prioritizing the green attributes via the AHP technique. To achieve these objectives, firstly the study identified the green building attributes from the literature and green building guidelines. The attributes were then validated by valuers. Secondly, the attributes were utilized to develop the AHP-design questionnaire and used to gather feedback from real estate experts. The responses were analyzed using the descriptive and AHP techniques. By achieving these objectives, this study is expected to provide substantial insight into the prioritized green building attributes in real estate depreciation studies from the theoretical and practical domains in Malaysia.




2. Literature Review


2.1. Green Building and Rental Depreciation


Green building studies in relation to rental or value depreciation realize some of the demanding issues in the practice of real estate valuation and appraisal worldwide. Depreciation elements such as obsolescence and deterioration will affect buildings and their occupants in several ways, including a reduction in functional use, demand for occupancy, and attractiveness of the buildings. The sustainable building or green building is drawn from the established notion that possesses the key benefits in economic, social, and environmental aspects. The World Green Building Council (WGBC) describes green building as “….to significantly reduce or eliminate the negative impact of buildings on the environment and on the building occupants, green building design and construction practices address: sustainable site planning, safeguarding water and water efficiency, energy efficiency, conservation of materials and resources, and indoor environmental quality”.



Several benefits of sustainable buildings have been identified by researchers in the past. From the evidence-based studies, the sustainable building was proven to generate rental and market value premium compared with the non-sustainable building. Other studies emphasized the benefits in terms of economics, social, and environmental perspectives. The sustainable building possesses an added value in terms of economic feasibility, whereas for offices it can lower the health care cost, contribute to a higher level of workers’ productivity, higher rental value, higher staff retention rates, and lower the energy usage and its operating cost [28]. Muldavin [29] has developed an extensive list of sustainable benefits that would later turn into financial benefits suitable in the context of real estate research. In addition, Boyd [30] translated the benefits into their impact on the value of the property. Sustainable building benefits such as improved working environments and reduced building operating costs bring positive impact, although greater capital cost contributes to negative impact to property value due to lower initial return on capital. These benefits possibly contribute to commercial property depreciation and obsolescence. The impact of sustainability towards commercial property value and rental has been under extensive study and was proven to substantially generate rental and market price premiums for sustainable buildings compared with the non-sustainable buildings [25,31,32].



The study of sustainable depreciation and obsolescence is an interesting topic to embark upon judging from the several issues governing conventional commercial real estate. Thus, the issues of sustainable depreciation and obsolescence will send a worrying sign of the faster acceleration of depreciation to conventional commercial property owners and investors. Currently, several issues have been identified for conventional buildings due to the introduction of sustainable buildings in the commercial property market. Firstly, conventional buildings may experience loss of function, usage, and technological features due to the inability to keep up to date with the latest technology of sustainable buildings such as energy and water-efficient features. With the introduction of sustainable buildings to the market, the current building features and technology standards have been raised. Conventional buildings without these evolutionary features will experience loss of functions and technology as they are not compatible with the current standard.



In addition, the functionality of buildings may reduce substantially as the tenants will search for other premises that can cater to their occupancy needs. This situation will send a negative signal to conventional property investors and owners as their property cannot compete in terms of functionality, technology, and usage with sustainable buildings. It will give rise to functional and technological obsolescence because of an inability to reach the current standard of building requirements (sustainable standards). Secondly, conventional buildings will suffer the loss of image and reputation with the introduction of a new green building grading system such as the GBI classifications, GreenRE ratings, and Malaysian Carbon Reduction and Environmental Sustainability Tools (MyCREST) star ratings.



Green certification is considered an added value to commercial buildings due to their adherence to the requirements sets by certification bodies in Malaysia. Despite this, conventional buildings without this recognition may be viewed as a secondary class of building, thus their reputation will fall short behind the sustainable buildings. Therefore, these buildings may have difficulty in attracting investors and tenants, thus reducing their investment potential of generating a higher return. Previously, commercial buildings were rated with grades such as A, B, and others; nowadays, the introduction of eco-label buildings further adds to the existing rating of commercial buildings. Thus, it provides additional marketing means for eco-label buildings that can be utilized to attract investors and tenants compared with dull and plain conventional buildings. Conventional buildings will lose their marketability due to the loss of image and reputation originating from sustainability recognition of other buildings in the commercial property market.



In Malaysia’s perspective, the introduction of the green building (GB) may accelerate the depreciation of conventional buildings in the form of functional obsolescence and physical deterioration. Even though the sustainability concept has been applied extensively and accepted in society, there is still an unclear perspective on the factors of sustainability that will be treated as obsolescence [19]. Thus, Reed and Warren-Myers [19] proposed the idea of sustainability as the new form of obsolescence alongside the traditional obsolescence factors such as physical, functional, and economics. Surman [32] highlights the risk of ‘sustainability impairment’, whereby older buildings without energy-efficient features will suffer physical deterioration and obsolescence with regard to declining market value, since energy-efficient buildings are market standard and up-to-date. From the valuation perspective, Baum [33] stressed that the obsolescence elements should be considered in the assessment of value and included in the treatment of initial and terminal yields. Whipple [34] argued that buildings may become obsolete if the desirability and usefulness are diminished, originating from the technological changes or improvement in asset performance of comparable properties. Buildings without these evolutionary features will become less desirable and valuable from the investor’s perspective. Thus, it is important to recognize the impact of green buildings on the depreciation of the commercial property market.




2.2. Benefits of Green Buildings: Rental and Occupancy Premium


Several studies have embarked on the investigation between sustainable features or energy efficiency towards commercial property value, rental, occupancy, and others. The result of the analysis overall concludes that the green buildings achieve superior performance in terms of sales and rental premium compared with the conventional buildings. The study has implied that green buildings such as LEED and Energy Star labeled achieved better performance in the rental market and sales premium in the commercial property market [21] and were significantly influenced by thermal efficiency and sustainability in green buildings [20]. An analysis of commercial buildings in the US produces a rental premium of 7.9% for LEED-certified buildings compared with conventional buildings [20]. Additionally, the study also witnesses the relationship between energy cost and rental, where every one-dollar cost saved produces a rental increment of 3.5% for Energy Star buildings. Meanwhile, Energy Star and LEED-certified buildings performed against conventional buildings by having 7.3% to 8.6% and 15.2% to 17.3% rental premium, respectively [21]. Another study suggests that dual certification achieved a 9% rental premium, while LEED and Energy Star obtained slightly lower than the dual certification of about 3% to 5% rental premium [22].



On the other hand, other research has provided different perspectives of analysis by incorporating the impact of political alignment alongside the sustainable buildings towards rental premium [23]. Overall, the results witnessed a rental premium of 5% for green buildings. If political location was taken into consideration, the rental premium for green buildings varied between liberal and conservative locations. It was found that rental premiums for green buildings in the politically liberal location were higher (6%) compared with conservative locations (2%). Using energy-efficient labeled buildings as a case study, this type of building obtained a rental premium of 6% compared with conventional buildings [24]. In the UK, the BREEAM certified buildings surprisingly managed to obtain a greater rental premium compared with US studies with 19.7% [25]. Most of the researchers subjected to this review agreed that sustainability and energy efficiency contribute to the premium of sales and rental values. Nevertheless, other research has disputed these findings, where their investigation found no significant contribution of BREEAM and EPC rating towards the rental of commercial buildings in the UK [35].



Based on the review of the selected research, only a small number of researchers embarked on the investigation of measuring the impact of sustainability and energy efficiency towards occupancy rates. Buildings with Energy Star acquired a significant occupancy premium of 10% to 11% [21]. This contradicts the other findings, where it was found that there was a rather small positive occupancy premium obtained for Energy Star buildings [22]. In addition, LEED-certified buildings recorded an occupancy premium of 16% to 18%. Other investigations on green buildings managed to show an occupancy premium of 8.9% compared with conventional buildings [23]. Therefore, the literature suggests that green buildings have the potential of generating higher rental and occupancy rates compared with conventional buildings. Therefore, it is important to note that the inherent benefits may contribute to the depreciation and obsolescence of non-green buildings. By identifying the green building attributes, the conventional or non-green buildings may be able to upgrade their building according to the current standard of sustainability in order to reduce the risk of depreciation and obsolescence.




2.3. Attributes of Green Buildings Affecting Rental Depreciation


Researchers are now looking into the relationship between green building attributes and rental depreciation. Recent studies have revealed various attributes of green buildings that may influence the rental or value of conventional office buildings. Sustainable design features such as flexibility and adaptability, energy efficiency and water saving, the use of environmentally friendly materials and products, high functionality in connection with comfort and health of users and occupants, construction quality, compliance with/over-compliance with legal requirements in the areas of environmental and health protection, and reduced impacts on the local and global environment have been proposed to significantly influence the valuation parameters for real estate properties [36].



According to an investigation conducted by Wan Rodi [16], the main factors of green building attributes relevant to rental depreciation consist of green building status, materials, sustainable design configuration, sustainable site and soil characteristics, rooftop and on-site greenery, building management system, HVAC system, lighting system, water conservation system, indoor environmental monitoring system, and on-site renewable energy system. In Malaysia, the Green Building Index (GBI) has developed a very strong framework for green building certification for buildings. Within this framework, it covers every aspect of green building attributes that might influence the market value of a building. Green building status certified by GBI has shown to be a significant factor influencing the rate of depreciation for an office building in Kuala Lumpur apart from the building age factor [37]. Based on the literature review and reference to the GBI framework, the study has developed the green building attributes that may influence the rental depreciation for an office building in Malaysia.




2.4. Positioning This Study


This section addresses the knowledge gaps highlighted in the current studies to provide a rationale for this research. Overall, the literature has provided knowledge involving the importance of integrating green buildings in real estate valuation and investment apart from their benefits to rental value. Despite this, the current knowledge lacks evidence regarding the perspective of real estate experts on this topic in practice. Therefore, this study addresses this gap by highlighting the attributes of green buildings towards rental depreciation among real estate experts.





3. Methods


Figure 1 refers to the study design diagram. In this study, a questionnaire was used to achieve the objective of the study by collecting data from random samples. In real estate depreciation studies, the questionnaire was extensively used to obtain professional opinions on the factors of land and building influencing rental and market value depreciation and obsolescence. Accordingly, this study employs the structured interview approach to collect data and the results are published. Samples were derived from real estate professionals in the field of commercial property valuation and management. The use of these professionals was necessary to obtain their perception of the green building design that may contribute to the depreciation of commercial office buildings in Malaysia.



They possess significant knowledge of property, be it residential, commercial, or industrial. Thus, the adoption of real estate professionals as a subject sample is necessary since they represent the profession that can influence the commercial property market value and rental. This approach was selected due to several benefits, including the ability of the researcher to explain complex questions to the respondents and to control the context and environment during the interview session [38].



3.1. Developing the Survey


In this study, the green depreciation factors were initially drawn from the features and characteristics developed from the literature review and also in reference to the Green Building Index (GBI) Malaysia assessment criteria. Prior to the development of a structured interview questionnaire, these factors were validated by two (2) registered valuers. They agreed that these green building factors may influence the depreciation of a conventional building. Next, the factors were arranged in a hierarchical model that is suitable for the AHP analysis.



According to the principle of AHP, the development of a hierarchy model should have some degree of judgment. In reference to Figure 2, the first stage involves a statement of the goal or the AHP assessment objective: to investigate the green building features that contribute to the commercial real estate depreciation and obsolescence. The second stage concerns the general context of the green features influencing rental depreciation. This stage, known as criteria level 1 is represented by six (6) key attributes: energy efficiency, indoor environmental quality, sustainable site planning and management, material and resources, water efficiency, and innovation. Likewise, criteria level 2 focuses on the sub-attributes within the six (6) key attributes. Figure 2 below shows the Green Rental Depreciation Hierarchy Model for this study.



The AHP-based questionnaire was developed based on the variables of green buildings in Figure 1 to obtain the pairwise comparison matrices. Specifically, the AHP-structured questionnaire consists of several parts. Part A, the background of the respondents, consisted of questions designed to obtain the background information of the respondents including job title, working experience, and field of work, either valuation, property management, or real estate agent.



Next, Part B covers the question of the importance of the six (6) key features of green buildings in contributing to the depreciation of office buildings. Since this study uses the AHP analysis, questions should also be designed based on the method and AHP concept. This section is further divided into two (2) levels: the main criteria and sub-criteria. The main criteria compare the importance between six (6) key attributes while the sub-criterion compares the sub-elements in the six (6) key attributes to determine the scale of importance in influencing commercial real estate depreciation. To ensure the validity of the instrument, two experts in the field of real estate valuation, consisting of a registered valuer and a real estate academician, were approached to read through the questionnaire.




3.2. Collecting Survey Data


Specifically, this study targeted sample consists of professionals in the real estate industry such as valuers, estate agents, and academicians in Klang Valley, Malaysia. Respondents who were selected should possess the necessary experience in the property market for at least 5 years; this will ensure that they are well knowledgeable in the property market sector. In general, the population of the registered valuers and estate agents as of 2021 was around 6700 persons. In this study, ten (10) questionnaires were received from seven (7) registered valuers/ estate agents and three (3) real estate academicians with vast knowledge and experience in the PBO real estate market.



The literature on the AHP applications in engineering and management research suggests that there is no strict requirement on the minimum sample size for the AHP analysis [39]. The number of samples is considered adequate since studies such as Ref. [40] and Ref. [41] also employed a small sample size between 8 to 10. Within their studies, Ref. [40] approached eight (8) experts in surveying their teaching quality, while [41] uses ten (10) respondents to identify key selection criteria for an intelligent building (IB) system. In addition, the AHP method may become impractical for a survey with a large sample size since the ‘cold-called’ respondents may provide arbitrary answers that lead to a high degree of inconsistency [42]. During the interview session, the participants were given a pairwise comparison questionnaire with green building factors that might correlate with the rental depreciation. Each participant session was conducted separately and the results by the other participants remained confidential. The data collection period started on 1 October 2020 to 25 December 2020.




3.3. Analyzing the Survey Data


Analytic Hierarchy Process (AHP)


This study applied the AHP framework [43]. Specifically, two key steps must be followed namely: (1) the development of the hierarchical structure; (2) the assessment of weight for each element in each stage or stage [44]. The first step, the development of the hierarchical structure, refers to the construction of stage 1 to 3 criteria that form the basis of the analysis. The literature review and further analysis showed that the green building design features’ construct can be structured hierarchically according to key attributes such as passive and active design. After the hierarchical framework is built, the next step is to develop a relationship of mutually independent hierarchy through expert interviews and to analyze the attributes that may affect the AHP’s objectives.



The next step, namely the evaluation weight for each element in each level or stage involves several formulas. First, the pairwise comparison matrix method (pairwise comparison matrix) is built for each element in the hierarchical structure. The main element becomes the criteria for the low-level elements.



The pairwise comparisons on one level develop a symmetric matrix A, as follows:


  A =      W 1  /  W 2     W 1  /  W 2  …    W 1  /  W n       W 2  /  W 1     W 2  /  W 2  …    W 2  /  W n       W 1  /  W 2     W 1  /  W 2  …    W 1  /  W n       








where



Wi is weight of attributes i;



n is number of attributes.



To derive matrix A, the number of comparisons needed is n(n − 1)/2. The task is to estimate the weights having their ratios. W is described as vector or of weight:


  W =      W 1       W 2      …      W n       










    ∑   i = 1  n  w i = 1  











The eigenvalue method from matrix algebra is used to obtain the weights. The matrix equation when all the weight ratios are fully consistent as follows:


AW = nW











Nonetheless, the pairwise comparisons normally are inconsistent and the largest eigenvalue λmax of the matrix A is used instead of n:


AW = λmax W











Ref. [43] has shown that λmax is always greater than or equal to n, and the closer it is to n the more consistent the values of A. The consistency index CI and consistency ratio CR are calculated:


CI = (λmax − n)/(n − 1);










CR = CI/ACI,








where ACI is index of randomly generated weights.



The CR should be very small with a cut-off rule of 0.10.



To demonstrate the AHP calculations, we use a scale from 1/9 to 9. If selections A and B are identifiable, then A and B each are given a value of 1. If for example, A is better than/preferred to B, then A is rated 3 and B is rated 1/3. If A is much preferred over B, then A, for example, is given a value of 7 and B is given a 1/7 value. The criteria result can be observed in Table 1 below using the above example. Using only three (3) criteria to facilitate, the table can be summarized as follows:



The above procedure is repeated for the comparison between the attributes for each of the criteria made. The process of assessment among these options shall be conducted for all criteria. Specifically, the assessments should be conducted by experts in the field of study. The following Table 2 depicts the comparison between the attributes (3 choices) for criteria 1 (EE), while Table 3 and Table 4 illustrate the comparison between attributes Criteria 2 (IN) and Criteria 3 (WE).



The final stage of AHP evaluation weight consists of rating synthesis. Mainly, it is the sum of the weights obtained from each attribute after weighing the criteria. Overall, the value of an option is as follows:


     W i   W j      =  a  i j      = 1 ,   2 ,   … ,   n   











Wi = input value in row.



Wj = input value in column.



The formula above can also be translated into Table form, assuming there are three criteria such as in Table 5 below. The priority weight for the first level criteria is obtained by multiplying the weighted value of the criteria by the values attributes as follows:



The process is repeated for each of the attributes under the criteria. The following Table 6, Table 7 and Table 8 depicts the pairwise comparison matrix for attributes in energy efficiency (EE), innovation (IN), and water efficiency (WE). While Table 9 illustrates the ranking of criteria for Energy Efficiency attributes.



Example for AHP manual calculation for energy efficiency (EE) attributes:



Stage 1: change matrix to a decimal number


      1.00      5.00     0.333     0.200    1.000    0.200     3.000    5.000    1.000      











Stage 2: iteration: quadratic the above matrix


  A =           1       5     0.33             0.2         1       0.2                3         5         1            










  A =           1       5     0.33             0.2         1       0.2                3         5         1         ×           1       5     0.33             0.2         1       0.2                3         5         1          














	W11=
	(1.000 × 1.000)
	+
	(0.200 × 5.000)
	+
	(3.000 × 0.333)
	=
	2.990



	W12=
	(5.000 × 1.000)
	+
	(1.000 × 5.000)
	+
	(5.000 × 0.333)
	=
	11.650



	W13=
	(0.333 × 1.000)
	+
	(0.2000 × 5.000)
	+
	(1.000 × 0.333)
	=
	1.660



	W14=
	(1.000 × 0.200)
	+
	(1.000 × 0.2000)
	+
	(3.000 × 0.200
	=
	1.000



	W15=
	(5.000 × 0.200)
	+
	(1.000 × 1.000)
	+
	(5.000 × 0.200)
	=
	3.000



	W16=
	(0.333 × 0.200)
	+
	(0.200 × 1.000)
	+
	(0.200 × 1.000)
	=
	0.466



	W17=
	(1.000 × 3.000)
	+
	(0.200 × 5.000)
	+
	(3.000 × 1.000)
	=
	7.000



	W18=
	(5.000 × 3.000)
	+
	(1.000 × 5.000)
	+
	(5.000 × 1.000)
	=
	25.000



	W19=
	(0.333 × 3.000)
	+
	(0.200 × 5.000)
	+
	(1.000 × 1.000)
	=
	2.990










   A =         2.990     11.650     1.660             1.000       3.000         0.466             7.000     25.000     2.990           





















	
	Normal Value
	
	Total Row
	Priority Vector



	2.990
	11.650
	1.660
	16.300
	0.292



	1.000
	3.000
	0.466
	4.466
	0.080



	7.000
	25.000
	2.990
	34.990
	0.628



	
	
	
	55.756
	1.000








To estimate the consistency of the AHP, the following calculations are employed:


    VA  =     1.000 × 0.292   +   5.000 × 0.080   +   0.333 × 0.628     0.292   = 3.086    VB =     0.200 × 0.292   +   1.000 × 0.080   +   0.200 × 0.628     0.080   = 3.300    VC =     3.000 × 0.292   +   5.000 × 0.080   +   1.000 × 0.628     0.628   = 3.032    λ m a x =      3.086 + 3.300 + 3.032  3     λ m a x = 3.139   











Since the matrix is 3 (i.e., consists of 3 factors), the value of the consistency index obtained:


   CI =      3.139 − 3   3 − 1      CI = 0.070   











The matrix is consistent if CI is less or equal to 0.1. Overall, the consistency ratio for this study was recorded as smaller than 0.1. Using Expert Choice 11 software (Expert Choice V. 11.1.3238, Expert Choice Inc., Arlington, VA, United States), the feedback was recorded to quantify the pairwise comparison of green design elements and further prioritized. If the answers provided are inconsistent, the participants will be asked to re-evaluate the answer and change the selection to achieve a satisfactory consistency reading.






4. Results and Discussions


4.1. Results from the AHP Analysis


This section discusses the findings from the analysis using the AHP approach. It consists of a discussion on the ranking of GB criteria and sub-criteria that are significant in influencing PBO rental depreciation and obsolescence from the perspective of respondents. Specifically, the main criteria consist of the main attributes for green buildings. In reference to Table 10, the findings suggest that the environment quality (EQ) ranks the highest in contributing to conventional PBO office rental depreciation (32.7%), followed by energy efficiency (EE) (29.0%), sustainable site planning and management (SM) (11.8%), materials and resources (MR) (8.9%), and innovation (IN) (9.0%). Water efficiency (WE) was ranked the least significant at 8.6 percent in contributing to rental depreciation.



Apart from the main criteria, findings from the AHP approach propose the rank for eighteen (18) green building sub-features contributing to conventional office buildings’ rental depreciation and obsolescence. The AHP pairwise comparison for the sub-attributes among the different major attributes was done using the global priority for each criterion. The global priority is determined by the result of the multiplication of each priority on the first level by its respective priority on the second level.



Firstly, the combined response highlights the top five (5) rank consisting of air quality (EQ), design and performance (EE), commissioning (EE), lighting, visual, and acoustic comfort (EQ), and thermal comfort (EQ). Secondly, the middle five ranks include monitoring, improvement, and maintenance (EE), facility management (SM), verification (IAQ survey/occupant comfort survey) (EQ), innovation and environmental initiatives (IN), and waste management (MR), while eight (8) sub-attributes were ranked least significant such as water harvesting and recycling (WE), reused and recycled materials (MR), sustainable materials and resources and policy (MR), increased efficiency (WE), green products (MR), reduce heat island effect (SM), transportation (SM), and lastly green building index facilitator (IN). Table 10 demonstrates the summary results for the sub-criteria.



Firstly, the respondents suggest that the environment quality criterion ranks the highest green building feature influencing rental depreciation and obsolescence for the conventional office building. Sub-criteria items such as lighting, visual, and acoustic comfort were significant since they can contribute to a good quality working environment among tenants. A previous study shows that tenants are willing to pay for improved air quality and access to natural light in the workspace [45], alongside good indoor quality and temperature control as preferable green attributes by tenants [10].



Secondly, energy efficiency was the second most important, judging from the combined responses. Real estate professionals viewed the energy-efficient system as part of the building components that increase the rental value for an office building. The previous finding agreed that energy-efficient features were significant among property valuers since valuers agreed that it can bring a positive impact to value and increase net income or rental [26,46]. Next, the results have indicated the sustainable site planning and management attributes as the third most significant in influencing rental depreciation and obsolescence variables. This result is supported by a previous study indicating that sub-elements such as integrated planning should be considered in valuation as they may influence the market or rental value of the subject property [26]. The fourth-ranking attribute of green buildings—materials and resources—were proposed by respondents to have an impact on rental value depreciation and obsolescence. Green building materials and resources were perceived by valuers as having a longer lifecycle, reducing maintenance or replacement cost, greater design flexibility, and improvement for workers [26].



Innovation and water efficiency were considered the least significant between green building attributes based on the results. It may be contributed by perspectives of valuers that view these two (2) attributes are not strongly correlated with the rental value of the office building [26]. Since Malaysia is one of the nations with ample water resources, the respondents seemed nonchalant with the water efficiency attribute. Locations with abundant water resources may influence the water-saving preference as evidenced in [47]. Table 10 below depicts the results of composite priority weights for the attribute and sub-attribute parameters of PBO green building.




4.2. Implications


Overall, this study has contributed to the body of knowledge pertinent to the understanding of green building attributes and rental depreciation. The study’s implications consist of theoretical and practical aspects. Firstly, the study fills the knowledge gap by identifying the green building attributes in rental depreciation for conventional buildings. A clear understanding of this issue may lead to the improved performance of conventional buildings. As Malaysia is fast becoming an emerging market for green buildings, researchers can use the list of green building attributes identified for their real estate research. Moreover, the methodology can be used by other scholars in perspective studies or by integrating the methodology with market-based research models in their countries. Lastly, future research can be done by comparing different locations such as cities or countries.



From the practical perspective, the list of identified attributes in this study can be utilized by property managers of conventional buildings to upgrade their buildings according to the prioritized attributes since it can reduce depreciation and obsolescence risks. Moreover, the real estate agents can market their green office building listings by highlighting this study’s results to convince their prospective clients of the benefits of green buildings. Finally, the green building organizations may use this study to encourage the conventional building owner to upgrade their building to a green building and become certified.





5. Conclusions and Future Directions


The results have identified the most important green building criteria. The study’s main objective is to explore the significant green building attributes that will contribute to the rental depreciation for conventional PBO buildings. Thus, to arrive at the final conclusions, it was crucial to measure the level of green building attributes and sub-attributes against one another through the assessment done with the stakeholder in the real estate industry in Malaysia.



In developing the assessment framework, researchers strictly follow a multitude of processes and stages. First, the literature reviews and green building guidelines were extensively examined to develop the attributes. To achieve the prioritizing objective that is relevant to the local context, expert panels were approached to obtain their feedback on the study. The outcome of the exercise produced relative importance of the selected main criteria and sub-criteria using the AHP method. Overall, the respondents’ priorities were toward indoor environmental quality (IEQ) and energy efficiency (EE), with both factors accounting for more than 60% of the weightings.



Indoor environmental quality (IEQ) was the most important factor for all experts in contributing to rental depreciation for conventional PBO buildings. With the global pandemic effects, PBO buildings with good IEQ may become much more in demand compared with conventional buildings, that in turn reduces the rental value for conventional buildings. Green buildings are shown to have better IEQ, which indirectly improves the occupants’ quality of life, health, productivity, and financial value. Next, energy efficiency was the second most important factor. The rising awareness of reducing the energy consumption of a building due to the rising cost of fossil fuel and electricity tariffs may lead to this result. The old conventional building consumes high energy compared with the green building. This, in turn, makes it less favorable for prospective tenants and unable to achieve higher rental value in the market.



Overall, rental depreciation and obsolescence for the purpose-built office (PBO) depend on the building quality and performance as their key attributes. Therefore, it is important to identify the current trend and features of green buildings since they can contribute to the downgraded quality and performance of older and conventional PBO buildings. The expert opinions gathered and analyzed via the AHP method provide good preliminary insight for the real estate industry to incorporate the green office building attributes into their conventional buildings. It may reduce the risk of rental depreciation and obsolescence due to demand and technological changes. Although this study may provide a relevant contribution, some limitations should be addressed in future research; for instance, introducing other green elements in buildings or comparison between locations.
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Figure 1. Study design. 
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Figure 2. Green rental depreciation hierarchy model. 
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Table 1. Calculation of criteria.
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	Criteria
	Energy Efficiency
	Innovation
	Water Efficiency





	Energy Efficiency (EE)
	1
	5
	2



	Innovation (IN)
	1/5
	1
	3



	Water Efficiency (WE)
	1/2
	1/3
	1
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Table 2. Paired comparison matrix for the energy efficiency (EE) attribute.
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	Criteria
	Design and Performance
	Commissioning
	Monitoring, Improvement, and Maintenance





	Design and Performance
	1
	5
	1/3



	Commissioning
	1/5
	1
	1/5



	Monitoring, Improvement, and Maintenance
	3
	5
	1
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Table 3. Paired comparison matrix for the innovation (IN) attribute.
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	Criteria
	Innovation and Environmental Initiatives
	GBI Facilitator





	Innovation and Environmental Initiatives
	1
	4



	GBI Facilitator
	1/4
	1










[image: Table] 





Table 4. Paired comparison matrix for the water efficiency (WE) attribute.
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	Criteria
	Water Harvesting and Recycling
	Increased Efficiency





	Water Harvesting and Recycling
	1
	6



	Increased Efficiency
	1/6
	1
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Table 5. Pairwise comparison matrix for the first level.
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	Criteria
	Energy Efficiency
	Innovation
	Water Efficiency
	Priority Vector





	Energy Efficiency (EE)
	1.000
	5.000
	0.333
	0.582



	Innovation (IN)
	0.200
	1.000
	0.200
	0.109



	Water Efficiency (WE)
	3.000
	5.000
	1.000
	0.309
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Table 6. Paired comparison matrix for the energy efficiency (EE) attribute in %.
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	Criteria
	Design and Performance
	Commissioning
	Monitoring, Improvement, and Maintenance
	Relative Priority
	Relative Priority (%)





	Design and Performance
	1.000
	5.000
	0.333
	0.292
	29.2%



	Commissioning
	0.200
	1.000
	0.200
	0.080
	8.0%



	Monitoring, Improvement, and Maintenance
	3.000
	5.000
	1.000
	0.628
	62.8%
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Table 7. Paired comparison matrix for the innovation (IN) attribute in %.
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	Criteria
	Innovation and Environmental Initiatives
	GBI Facilitator
	Relative Priority
	Relative Priority (%)





	Innovation and Environmental Initiatives
	1.00
	4.00
	0.80
	80.0%



	GBI Facilitator
	0.250
	1.00
	0.20
	20.0%
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Table 8. Paired comparison matrix for the water efficiency (WE) attribute in %.
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	Criteria
	Water Harvesting and Recycling
	Increased Efficiency
	Relative Priority
	Relative Priority (%)





	Water Harvesting and Recycling
	1.00
	6.00
	0.857
	85.7%



	Increased Efficiency
	0.167
	1.00
	0.143
	14.3%
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Table 9. Ranking of criteria for energy efficiency (EE) attributes.
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	Criteria
	Design and Performance
	Commissioning
	Monitoring, Improvement, and Maintenance
	Priority

Vector
	Rank





	Design and Performance
	1.000
	5.000
	0.333
	0.292
	2



	Commissioning
	0.200
	1.000
	0.200
	0.080
	3



	Monitoring, Improvement, and Maintenance
	3.000
	5.000
	1.000
	0.628
	1
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Table 10. Composite priority weights for ‘attribute–sub-attribute’ parameters of PBO green building attributes influencing rental depreciation and obsolescence for the conventional office building.
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Sustainable Building Attribute

	
Local Weights

	
Sub-Attribute

	
Local Weights

	
Global Weights

	
Rank






	
1. Indoor Environmental Quality (IEQ)

	
0.327

	
Air Quality

	
0.457

	
0.166

	
1




	
Thermal Comfort

	
0.200

	
0.072

	
5




	
Lighting, Visual, and Acoustic Comfort

	
0.200

	
0.073

	
4




	
Verifications

	
0.143

	
0.052

	
8




	
2. Energy Efficiency (EE)

	
0.290

	
Design and Performance.

	
0.521

	
0.147

	
2




	
Commissioning

	
0.265

	
0.075

	
3




	
Monitoring, Improvement, and Maintenance

	
0.214

	
0.060

	
6




	
3. Sustainable Site Planning and Management (SM)

	
0.118

	
Facility Management

	
0.610

	
0.060

	
7




	
Transportation

	
0.184

	
0.018

	
17




	
Reduce Heat Island Effect

	
0.205

	
0.020

	
16




	
4. Materials and Resources (MR)

	
0.089

	
Reused and Recycle Materials

	
0.251

	
0.032

	
12




	
Sustainable Materials and Resources Policy

	
0.224

	
0.029

	
13




	
Waste Management

	
0.347

	
0.045

	
10




	
Green Products

	
0.178

	
0.023

	
15




	
5. Innovation (IN)

	
0.090

	
Innovation and Environmental Initiatives

	
0.775

	
0.046

	
9




	
GBI Facilitator

	
0.225

	
0.013

	
18




	
6. Water Efficiency (WE)

	
0.086

	
Water Harvesting and Recycling

	
0.618

	
0.043

	
11




	
Increased Efficiency

	
0.382

	
0.027

	
14
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